There is a growing research interest in optical circuits at the nanometer scale for future integration of optical, optoelectronic and electronic devices on-chip. For this goal, however, the typical dimensions of conventional dielectric waveguides are dictated by diffraction, therefore limiting dense on-chip integration. Plasmonic waveguides such as nanoparticle chains [1], nanorods [2] , in contrast, guide light through the interaction of photon and electron oscillation around the metal surface, and are potential candidates for nanoscale optical elements with sizes much smaller than the diffraction limit. The tradeoff between the confinement level and propagation loss, however, is a fundamental limitation of such waveguides. Therefore, structures offering both high confinement and relatively low loss are desired. To overcome the traditional limitations of plasmonic waveguides, we use the inverted metal slot waveguide with a dielectric core sandwiched between metal cladding [3] . As is general for surface plasmon, the electric field polarized perpendicular to the metal-dielectric interface is bound around the interfaces due to the high dielectric discontinuity between metal and dielectric. For narrow slot, the plasmonic waves around the two interfaces interact and result in a symmetrical mode where the light is almost completely confined in the dielectric slot, enabling extreme sub-wavelength confinement across the slot far beyond the diffraction limit. The effective index of the slot increases due to the coupled plasmonic waves. Therefore, for three-dimensional realistic structures the light is vertically confined via the index confinement mechanism. Using the metal slot with silicon, we show experimentally a low loss plasmonic waveguide on silicon substrate with very high confinement, and we also show high coupling efficiency between these waveguides and dielectric silicon waveguides using very compact tapers.
Summary:
We fabricate the metal slot waveguide on an SOI wafer. The pattern is defined using electron beam lithography and etched by RIE. Then a photolithography step is used to define the window for metal evaporation and a bilayer resist structure is used for successful liftoff of 300 nm Au. Experimentally we show a low loss plasmonic waveguide on silicon with high confinement.
The measured loss is about one order of magnitude lower than previously demonstrated structures with a similar level of lateral confinement. We also show for the first time experimentally high coupling efficiency between these waveguides and dielectric silicon waveguides using very compact tapers. The realization of deep subwavelength confinement and efficient coupling with standard dielectric silicon waveguides has attractive applications in nanoscale circuits and on-chip integration of optical, optoelectronic and electronic devices. 
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